SYNOPSIS The plasma clearance of intravenously administered folic acid was abnormally rapid in all of five patients studied with untreated hyperthyroidism; in three, the basal serum L. casei folate level was subnormal. Four of these patients and another patient were studied at various intervals after partial or complete correction of the hyperthyroid state. Partial correction resulted in a continued fast clearance in one patient, a return to borderline-normal values in the second, and a normal clearance in the third. Complete euthyroidism was achieved in two patients; their clearance values had returned to borderline-normal at this time. In two patients studied after partial correction, the serum L. casei folate levels had become normal whereas the clearance values remained abnormally rapid.
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These findings suggest that hyperthyroidism in man is associated with depletion of folate stores and subclinical deficiency of this vitamin. This is attributed to an increased demand for folic acid in the hypermetabolic state.
Decreased hepatic stores of folic acid have been observed in experimental animals made hyperthyroid by the administration of thyroid hormone (Noronha and Sreenivasan, 1959) . No studies of folic acid metabolism in humans with thyrotoxicosis, however, have been reported.
The anaemia occasionally seen in thyrotoxicosis is usually associated with a normoblastic bone marrow and has been attributed to superimposed iron deficiency (Bistrom, 1946; Axelrod and Berman, 1951; Wallerstein and Castle, 1962) . Clinical folic acid deficiency as manifested by megaloblastic anaemia has not been recognized in patients with hyperthyroidism. However, more than 85 cases of coincidental thyrotoxicosis and megaloblastic anaemia attributed to pernicious anaemia and responding to liver extract or vitamin B12 have been reported (Boenheim, Schwimmer, and McGavack, 1945; McNichol, 1961 (Chanarin et al., 1958) . (The organism S. faecalis has been found reliable for assay of administered folic acid in folic acid clearance and absorption studies.) In contrast, for determination of basal serum folate activity, assay with L. casei is preferred, since the growth of L. casei is supported by 5-methyl tetrahydrofolic acid, recently shown to be the major form of folic acid activity in human serum (Herbert et al., 1962) . Serum vitamin B12 concentrations were assayed with Lactobacillus leichmannii (Spray, 1955) ; normal values in this laboratory range from 150 to 900 /i/g./ml.
RESULTS

HYPERTHYROIDISM
The results for both groups are set out in Table I . The plasma clearance of folic acid was abnormally rapid in all five of the patients studied with untreated thyrotoxicosis (Fig. 1) . Basal serum L. casei folate levels were assayed in four of these patients and were subnormal in three; however, in no instance were the values depressed to the very low range (<3 mpg./ml.) usually associated with megaloblastic anaemias due to folic acid deficiency. Case 6 was studied only after the hyperthyroid state had been partially corrected following three months of therapy. The folic acid clearance and basal serum L. casei folate were both normal in this patient.
Four patients (cases 1-4) were studied again after periods of two to four months' therapy had resulted in partial or complete correction of hyperthyroidism. Cases 1 and 4 had achieved euthyroidism. The plasma folic acid clearances were now borderline normal in both subjects and the basal serum L. casei folate concentrations, which had previously been subnormal in case 1, were now normal (Fig. 2) . Cases 2 and 3 remained hyperthyroid despite four and two and a half months of treatment, respectively. The folic acid clearance remained abnormally rapid in case 2 and was borderline normal in case 3. The previously subnormal serum L. casei folate level had returned to within the normal range in case 2. (Herbert, 1962a; Zalusky and Herbert, 1961) , malabsorption (Chanarin et al., 1958; Klipstein, 1963) , liver disease (Herbert, Zalusky, and Davidson, 1963; Klipstein and Lindenbaum, 1964) , diphenylhydantoin therapy (Klipstein, 1964) , neoplastic diseases (Chanarin and Bennett, 1962; Rama Rao, Lagerlof, Einhorn, and Reizenstein, 1963) , pregnancy (Chanarin, MacGibbon, O'Sullivan, and Mollin, 1959b; Lowenstein, Hsieh, Brunton, De Leeuw, and Cooper, 1962) and haemolytic anaemias with sencondary megaloblastic change (Chanarin et al., 1959a; Lindenbaum and Klipstein, 1963) . Abnormal values for both these determinations have been observed in patients considered to have folic acid deficiency before the appearance of haematological abnormalities (Metz et al., 1961; Herbert 1962b,c; Klipstein, 1963; Klipstein and Lindenbaum, 1964; Hansen and V. Klewesahl-Palm, 1963) . The available evidence suggests, therefore, that the folic acid clearance and serum L. casei folate concentration provide sensitive indications of the adequacy of tissue stores of folic acid derivatives. The finding of abnormally rapid folic acid clearances in all five patients with untreated thyrotoxicosis and low basal serum L. casei folate levels in three of these patients is suggestive of depletion of folate stores with subclinical folic acid deficiency and is in accord with the laboratory observation of low hepatic stores of folic acid in hyperthyroid rats (Noronha and Sreenivasan, 1959) .
Multiple vitamin deficiencies have been repeatedly observed in the experimental animal rendered Folic acid clearances and basal serum folate levels in patients with thyroid disease hyperthyroid by the administration of large doses of thyroid hormone. Increased requirements for vitamin A, thiamine, pyridoxine, pantothenic acid, vitamin B12, and vitamin C, with concomitant depletion of body stores of these vitamins, have been demonstrated in a variety of laboratory animals (Drill, 1962) . The most likely interpretation of the findings in the present report is that they are a reflection of an increased metabolic demand for folic acid associated with a generalized increase in coenzyme requirements associated with the hyperthyroid state. The hyperactive bone marrow typically seen in thyrotoxicosis (Axelrod and Berman, 1951) may also contribute to such an increased demand and utilization of folate. The mechanism for the subclinical folate deficiency in thyrotoxicosis may thus be analogous to that in patients with severe haemolytic anaemia. A more than four-to eight-fold increase in requirement for folic acid has recently been demonstrated in a patient with sickle cell anaemia (Lindenbaum and Klipstein, 1963) .
The finding of persistently rapid folic acid clearances after partial correction of the hyperthyroid state appear to indicate a continued increased demand for folic acid even in the mildly hyperthyroid individual. The return of the serum folate levels to normal while the plasma clearances were still abnormally rapid in two patients, as well as the initial finding of a rapid plasma clearance associated with a normal serum folate level in another patient, suggests that the serum folate level is a less sensitive method than the clearance for detecting minimal depletion of folate stores. A similar experience with these two determinations has been obtained in patients with liver disease (Klipstein and Lindenbaum, 1964) .
No evidence of folic acid deficiency was observed in the patients studied with myxoedema. Serum L. ca-sei folate levels were normal in all six subjects as were folic acid clearances in the four uncomplicated cases. The borderline clearance values found in two subjects, one of whom had acquired haemolytic anaemia and the other gastrointestinal bleeding, may well be attributed to these complications since both have been associated with rapid folic acid clearances, possibly secondary to increased folate demands of the hyperactive marrow (Chanarin et al., 1959a and b; Chanarin et al., 1958; Sheehy et al., 1963; Klipstein and Lindenbaum, 1964) .
While experience with megaloblastic anaemias to date has shown a high correlation between folic acid deficiency states and the tests employed in this study, caution must be exercised in the final interpretation of these tests of folic acid deficiency. It is possible that factors other than depletion of body stores of folate derivatives may contribute to abnormally rapid folic acid clearances or low serum folates. Circulatory factors may play an important role in the clearance tests. In a thyrotoxic patient with an increased cardiac output, it is conceivable that increased perfusion of the tissues during the 15 minutes after the intravenous administration of folic acid could result in increased extraction of the vitamin, leading to a rapid clearance in the absence of depletion of tissuie stores. However, the finding of persistently rapid folic acid clearances even after the pulse rate had returned to normal in a partially treated patient (case 2, Table I ) would argue against the contribution of circulatory factors at that time.
The possible role of the state of activity of the reticuloendothelial system also merits further consideration. Generalized hyperplasia of lymphoid tissues, and in a minority of cases, even splenomegaly, are recognized features of thyrotoxicosis (Baldridge and Peterson, 1927) . The role played by the various organs of the reticuloendothelial system in the immediate extraction of folic acid from the plasma after an intravenous injection is unknown at present. Whether hyperactivity of this system could result in a rapid clearance in the absence of depletion of tissue stores is, in our present state of knowledge, merely speculative. However, in conditions such as the anaemia of infection or that associated with rheumatoid arthritis, there may be a rapid clearance of intravenously-administered iron and a depression of the serum iron level, in the absence of depletion of body iron stores (Cartwright and Wintrobe, 1952) .
At the present time, the definite interpretation of the finding of abnormally rapid folic acid clearances and subnormal basal L. casei folate levels awaits correlation of assay of biopsy material for folate stores performed in conjunction with the plasma studies.
